Abstract. This research work investigates the effect of polyurethane polymer on the separation of CO2, CH4 and C3H8 through a zeolite/polyurethane mixed matrix membrane. A methodology based on the modification of porous ceramic inorganic support with the aim to achieve high selectivity for the hydrocarbons has been developed. Polyurethane-zeolite nanoparticles were prepared by combined blending and casting method. The physical properties of the zeolite/polyurethane mixed matrix membrane were investigated by Scanning Electron Microscope (SEM), Fourier Transform Infra-Red spectroscopy (FTIR) and Nitrogen physisorption (BET). These confirmed the homogenous and nanoscale distribution of zeolite particles in the polyurethane-zeolite membrane. The Nitrogen physisorption measurements showed the hysteresis isotherm of the membrane corresponding to type IV and V that is indicative of a mesoporous membrane. The surface area and the pore size determined using the Barrett, Joyner, Halenda (BJH) desorption method showed a pore diameter of 3.320 nm, a pore volume of 0.31 ccg -1 and surface area of 43.583 m 2 g -1 . Single gas permeation tests were carried out at a pressure range of 0.01 to 0.1 MPa. The membrane showed the permeance of CH4 to be in the range of 5.189 x 10 -7 to 1.78 x 10 -5 mol s -1 m -2 Pa -1 and a CH4/C3H8 selectivity of 3.5 at 293 K. On the basis of the results obtained it can be concluded that for the recovery of volatile organic compounds the addition of polyurethane polymer to the zeolite membrane did not increase the performance of the membrane. [6] . There are several types of materials that can be used to modify the ceramic support layer to enhance selectivity.
Keywords
These include zeolites, silica, alumina and stainless steel [7] . The progress of catalytic membrane reactor (CMR) technology greatly depends on the development of new membrane materials and the performance of dense mixed conducting ceramic membranes is strongly dependent on the properties of the membrane materials. The major applications of these membranes include hydrogen separation and purification to get ultra-pure hydrogen, recovery of CO2 from natural gas and power station flue gases and oxygen or nitrogen enrichment of air [8] . Ceramic membranes can also be incorporated into chemical reactors where they can serve as catalysts to effect equilibrium-shift for enhanced product yield [8] . The process of gas separations from shuttle tankers using membrane technology is depicted in Fig. 1 .
Fig 1:
Process of hydrocarbon recovery from shuttle tanks using membrane technology.
In the process of discharging crude oil at terminals, cargo tanks are filled with blanket inert gases that have a typical composition of 84% N2, 12% CO2, and 4% O2. This is done to keep the oxygen level below the explosion limit and also to maintain an overpressure in the tanks. The inert gas affects the equilibrium mechanism which depending on the oil vapour pressure stimulates the release of hydrocarbons from the oil. Subsequently, the cargo tank atmosphere will consist of inert gas mixed with 15 to 25 % of hydrocarbon gas, and hence they will be emitted to the atmosphere during the next loading operation [9] .
Different types of membranes have been studied for the separation of hydrocarbons from inert gases. Polymeric membranes were characterised, and their permeation properties for the separation of propylene and toluene was investigated [10, 11, 12, 13] . An important feature of the polymer membrane used for gas separations is the ability to spin them into hollow fibre membranes because of their large area is suitable for large scale industrial applications [14] . The major drawback for the use of these polymeric membranes is that they are unable to withstand high temperatures and harsh chemical conditions.
In this work, the alumina support is macroporous with an intermediary layer consisting of titanium oxide and a pore size of 15 nm. Upon modification, the pore size is expected to decrease. The membrane pore size together with the mean free path of gas molecules is some of the factors that determine the flow mechanism and separation of gas components through the membrane. The support layer can be modified with various components like metals, silica, zeolites or it can be a mixed matrix membrane containing a polymer incorporated in the zeolitic pores to make new composite membrane materials that are suited for various applications.
The choice of membrane material is dependent on the application of the membrane. The aim of this work is to evaluate the performance and effects of zeolite and polymer mixture on the separation of hydrocarbon gases. This is the first report on hydrocarbon vapour permeance and selectivity properties on a polyurethane/zeolite alumina-based membrane.
Materials and Methods

Materials
The method of Tirouni et al. [14] was adapted and modified for the membrane preparation.
The porous ceramic support used in this study 
Polymer Synthesis
The molar ratio of polyol and hexamethyl diisocyanate was 1:3 as per the method by Tirouni et al. [14] . The solution was kept at 30 -40 C for 2 h under N2 atmosphere to obtain macro-diisocyanate. Chain extender butanediol (mL) was added and the mixture kept at 20 C.
The molar ratio of the components in the synthesised polymer was 1:3:2.
Membrane preparation
Zeolite/polyurethane membrane was prepared by dissolving 1 g of zeolite powder in 2. 
Characterisation
The 
Single gas permeation measurements
To evaluate the performance of the fabricated 
Fig. 2: Gas permeation setup
The flux of the permeating gas through the membrane was determined at various pressures ranging from 0.1 to 1 × 10 5 Pa using the gas permeation set up in Fig. 2 . It was assumed that the gas permeate end of the reactor remained at atmospheric pressure throughout the gas permeation process. The flux of the gas was calculated using the equation (1).
Where J is the flux in mol s -1 m -2 , Q is the flowrate in mol s -1 and A is the effective membrane area in m 2 .
The permselectivity (ideal selectivity) of gas A over B (αA/B) was calculated from the single gas permeation tests using equation (2)
Where JA and JB (mol s -1 m 2 ) are the molar fluxes of gas A and B respectively.
Results and Discussion
Characterisation
Nitrogen physisorption measurements
One of the most important techniques for the characterisation of nano-sized porous materials in terms of surface area, pore volume and pore size distribution is the physical adsorption of gas on the surface of the material. Different types of physisorption isotherms (Fig. 3) layer-by-layer adsorption. The adsorption and desorption isotherm of the zeolite membrane is presented in Figure 4 , and it corresponds to type III isotherm from Fig. 3 .
This indicates that the zeolite may be macro porous or non-porous adsorbent with weak adsorbent-adsorbate interaction. In theory, zeolites and silica are highly porous and have very large surface area.
Fig. 4: Physisorption isotherm for zeolite membrane
The physisorption isotherm for the polyurethane/zeolite membrane is presented in Figure 5 and it shows the adsorption and desorption isotherms which correspond to type IV or V which indicates the membrane is a mesoporous adsorbent. The isotherm was 
Where rp is the pore radius of the membrane layer, rk is the Kelvin radius and t is the thickness of the membrane layer. The pore size of the polyurethane/zeolite membrane is smaller than the pore size of only the zeolite membrane by 8.07 x 10 -9 m and surface area by 0.309 m 2 /g ( Table 2 ); this could be because of the polymer filling the zeolitic pores. This pore size difference is supposed to be reflected in the flow and separation of gases through these materials.
FTIR Analysis
Structural characteristics of the zeolite/polyurethane mixture and the zeolite membrane were determined by FTIR analysis (Fig. 7 a and b ). 
SEM Analysis
The SEM micrograph (Fig. 8) shows that polyurethane has been embedded in the pores of the zeolite. This has confirmed the deposition of polyurethane and zeolite on the support. From the micrographs, it is observed that both the polyurethane and zeolite are bonded on the surface of the alumina support. CH4 and C3H8 move through the zeolite and polyurethane/zeolite membrane at a similar rate ( Fig. 10 and 11 ), this could indicate the same transport mechanism is responsible for the movement of these gases and it is independent on the pore size of the membrane. Separation factors of CH4/CO2 and CH4/C3H8 were determined using equation (2) and it can be observed that the pressure drop is not an influencing parameter for the separation of these gases (Fig. 12 ).
Single gas permeation test
Conclusion
Polyurethane and zeolite were successfully embedded on the surface of an alumina support. 
